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SUMMARY 

Since  canard  configurations  have  been found to possess unusual static 
stability  characteristics, en investigation  has been conducted in the 
Langley  free-flight  tunnel to determfne  the  dynamic  stability  and  control 
characteristics  of a model of %hie  type. The characteristics of the d e l  
were  unsatisfactory in the  higher Ut-coefficient range  because of lightly 
damped  lateral  oscillations and because of erratic  behavior in pitch  and 
yaw which w-as apparently  caused  by random trfm  changes  associated  with the 
irregular  fluctuations in the  vortex f l o w  f m m  the  horizontal ta i l .  

m INTRODUCTION 

e 
During the  past few years  the  National  Advisory Codttee for  Aero- 

nautics has been ding a general  study  of  canard  airplanes  because  they 
appear  to  affer  some  advantages  over  other  type  airplanes  at  tl-Etnsonic 
and supersonic  speeds  (for  example, refs. 1 to 3) .  AB a part of this 
general  study,  several  investigations  have  been  conducted in the  Langley 
free-fUght tunnel  to  determine the low-speed  static  longitudinal and lat- 
eral  stability and control  characteristics  of  casard airplane models 
(refs. 4 to 9 ) .  The longitudinal  studies  showed  that  the  particular 
canazd  designs  studied had a relatively small allowable  center-of-gravity 
range  unless the trinrming  power of the  tail was increased  by  increasing 
the na,xFmum lift  coefficient  of  the tail (ref. 9 ) .  The lateral  studies 
showed  that,  at high angles of attack, a sidewash f rcm  the  horizontal tai l  
caused an effective  reverse2 in the  direction of sfdeslip  which  resulted 
in  the  models  having  large  positive values of  directionel  stability with 

.) vertical  tails  off.  This  sidewash  also  caused  the  directional  stability 
contributed  by a vertical  tail on the  fuselage  to  be  reduced  at  high  angles 
of attack. An investigation  to  determine  the  damping-in-yaw  characteristics 



of a particular canard model (ref.  7) showed that the sidewash caused 
the model to' have negative damping in  yaw with ver t ical .   ta i ls  off and 
caused the damping-In-yaw contr ibut ion  0f .a   ver t ical   ta i l .& the  rear 
of the fuselage t o  be increased. 

Because of the unusual nature of these  stability  characteristics, 
an investigation was undertaken t o  f l igh t  t e s t  a canard model in the 
Langley free-fl ight tunnel i n  order t o  determine the effect  of these 
characteristics on dynamic s t ab i l i t y  and control and general  flylng 
qual i t ies .   Fl ight- tes ts  were made of the model over a l i f t -coeff ic ient  
range from about 0.55 t o  the s t d l  with var ious  ver t ical   ta i l  arrange- 
ments. For most of the tests a 60° triangular-p.lm-form  horizontal t a i l  
w-as used on the model but f o r  some t es ta  the 45O sweptback t a l l  with 
leading-edge flap  investigated  in  reference 9 was used. Calculations 
were made 'GO determine the dynamic lateral s tabi l i ty   character is t ics  of 
the model f o r  correlation  with  flight-tes-kresults . 

SYMBOLS 

Au. forces and e n t s  are  referred t o  the  s tabi l i ty  system of axes 
. .  

originating  at a center-of-gravity  position of 0.24E ahead of the leading 
edge of the mean aerodynamic chord and vertically on the  center  line of 
the model. A sketch showing the positive  direction of the forces and 
moments i s  presented i n  figure 1 and the  relation of the s tab i l i t y  axes 
to   the  other axes  considered herein i s  shown i n  figure 2. 

S wing area, sq f t  
- 
C mean aerodynamic chord, f t  

V airspeed,  ft/sec 

b wing span, f t  

9 dynamic pressure,  lb/sq f t  

P air density,  slugs/cu f t 

W we igh t ,  l b  

m mass, slugs 

Fb relative  density  factor, m/pSb 

P angle of sideslip, deg 
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- a angle of attack of reference axis  (f ic; . 1) , deg 

E 

e 

Y 

=X 

=Y 

=z 

. k% 

b %O 

kX 

kY 

IrZ 

angle of attack of principal  longitudinal axis of airplane, 
positive when principal axis is  above flight path a t  nose 
(f ig .  21, deg .. 

angle between reference axis and horizontal axis, positive 
w h e n  reference axis is above horizontal axis at nose 
(fig.  21, de@; 

angle of flight t o  horizontal axFs, positive in a climb 
(fig.  21, deg 

moment of iner t ia  about reference  longitudinal  axis, mkx2, 
slug-f t 2 

moment of inertia about  reference l a t e r a l  axis, mk?, 
slug-f t* 

slug-f t2 
moment of iner t ia  about reference vertical axis, &z2, 

radius of gyration about principal  longitudinal  axis; f t  

radius of gyration about principal vertical  axis, f t  

radius of gyration about reference  longitudinal axis, f t  

radlus of gyration about  reference Lateral axis,  ft 

radius of gyration about  reference  vertical axis, ft 

nondimensional radius of gyration about principal  longitudi- 
nal axis, kxo/b 
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KX nondimensiod radius  of  gyration 

nondlmensional  radius  of  gyration 

axis, ,/<,2cOs2q + K 2~in2q 
X0 

nondimensior" product-of-inertia 

drag  coefficient , D r a g / @  

NACA RM ~53111 

about longitudinal  stability b 

* 
about  vertical  stability 

parmeters, 

pitching-mameqt  coefficient,  Pitching  moment/qSE 

yaMng-moment coefficient, yawing moment/qSb 

rontng-manent  coefficient, ROUII~  maent/qSb 

hterd-force coefficient, Lateral force/qS 

ap 
= -, per  degree  (per  radian in table 11) 

a$ 
ac, 
aP 

= ac$l per  degree  (per  radian in table 11) 

= -, per  degree  (per  radian in table II) 

2v 
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2v 

it incidence of horizontal tail (positive with leading edge up), 
deg 

&a aileron  deflection  perpendicular t o  hinge line, deg 

P rol l ing angular veloc i ty ,   raans /sec  

r yawing a- velocity,  radians/sec - 
T1/2 time f o r  amplitude of o s c i U t i o n  t o  change by f a c t o r  of 2 

(positive  value  indicates a decrease t o  half-amplitude; 

sec 

negative  value  indicates an increase to double amplitude), 

The investigation was conducted in the Langley free-flight tunnel 
which i s  designed t o  test free-flylng dynamic models. A cmplete 
descriptiQn of the tunnel and i ts  operation is presented i n  reference 10. 
The free-oscillation tests t o  determine the damping-in-yaw chazacteris- 
t i c s  of the f l igh t - tes t  m o d e l  were made in the LangLey free-flight tun- 
nel  during a previous  investigation  (ref. 7). The rolling  derivatives 
of the f l igh t - tes t  model were determined by the roll- flow method of 

c t he  -gley s tabi l i ty   tunnel  which is described in reference ll. 
The m o d e l  used in the investigation was constructed at the Lasgley 

c) Laboratory. A three-view drawing of the .model is presented in figure 3 
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and the dimensional and mass characteristics.of  the model are given in  I 

table I. A photograph of the model with the all-movable triangular hori- 
z o n t d  t a i l  and wing-tip ver t ical  tai ls  is  shown in  figure 4. The model 
was equipped with wing-tip tails i n  its basic  condition. For some tests 
the rn&l was equipped wi th  a center  vertical ta i l  on the rear of the 
fuselage and also with the center  vertical tail i n  cambination with the 
wing-tip tails. 

m 

C 

(che center-of-gravity  position of the m o d e l  could be varied about 
14 percent of the -mean ae-c chord durFng f l i gh t  by moving a weight 
along the longitudinal axis of the fuselage. A I-inch movement of the 
weight gave a p p r o x b t e l y  a 1-percent shift in the center-of-gravity 
pO6itiOll. 

DE!ERMINATION OF THF: S T N I C  STABILITY AMD CONTROL AND ROTARY 

Test Conditiom 

Force tests were made t o  determine the static  longitudinal and Lat- 
era l  s t ab i l i t y  and control  characteristics of the m a d e 1  with t i p  tails 
on over an angle-of-attack range from Oo to 32' with the triangular hori- 
zontal t a i l  and with the sweptback horizontal ta i l .  The lateral charac- 
t e r i s t i c s  were also determined f o r  each horizontal t a i l  configuration 
with all vert ical  tails off,  with  wing-tip tails alone,  with  center t a i l  d 

alone, and with center tail plus wing-tip tails. The lateral  character- 
i s t i c s  were determined frm measurements of force and mament coefficients 
at 25' sideslip and over a yaw range of 2200 at  angles of attack of Oo, 
120, 160, eSd 24O.  Most of the tests were made with the  elevons  deflected 
-150 an8 the horizontal t a i l  deflected 5O which corresponded t o  those 
deflections used f o r  trfm i n  most of the flight tests. " 

A l l  force tests were made at a dynamic pressure of 3.0 pounds per 
square foot which corresponds t o  an airspeed of about 50 feet   per second 
a t  standard  sea-level  conditions and t o  a Reynolds number of approximately 
0.443 x lo6 based on the wing mean aerodynamic chord of 1.38 feet .  All 
moment data are referred  to a center-of-gravity  position of.24.0 percent 
of the mean aemaynamic chord ahead of the leading edge  of the mean aero- 
dynamic chord. 

Daaping-in-y-aw tests (reported js ref.  7) were made over an angle- 
of-attack range frcan Oo t o  20° with t i p   t a i l s  off and on. Tests were  . 
also made a t  an angle of attack of 20° with wing-tip tai ls  and a center 
ver t ical  t a i l  on the fuselage. These tests were run a t  a -ic pressure 

3 
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c 

of 1.2 pounds per square foot which corresponds t o  an airspeed of approxi- 
mately 31 feet per second and t o  a Reynolds nmber-of 0.275 x 10 6 based on 
the mean aerodynamic chord of the wing. 

The rolling-flow  tests were made over an angle-cf-attack range from 
Oo t o  28O f o r  the model with all v e r t i c a l   t a i l s  o f f ,  with wing-tip tails 
only,  with center t a i l  only, and a l so  with wing-tip tails plus  center 
tail. Tfiese t e s t s  were made a t  a dynamic pressure of 16 pounds per square 
foot which corresponds t o  an airspeed of approximEttely 116 feet per second 
and t o  a Reynolds number of 1.02 x 10 6 based on the mean aerodynamic chord 
of the w i n g .  

Longitudinal S tab i l i ty  and Control 

The data of figure 5 show the  effect  of horizontal-tail  deflection 
on the stat ic   longi tudinal   s tabi l i ty  and control  characteristics of the 
model with the triangular horizontal t a i l  and with the sweptback horizon- 
tal t a i l  having a leading-edge flap. The data show similar characteris- 
t i c s  f o r  the two configurations although there was generally less sta- 
b i l i t y  and more pitching  effectiveness with the sweptback t a i l  because of 
i ts  greater  lift-curve  slope. Both tails l o s t  their  effectiveness when 
the combined angle of attack of the model and angle of incidence of the 
t a i l  equalled the stall angle of the tail.  

The effects on the longitudinal s t ab i l i t y  and control  characteris- 
t i c s  of deflecting the ailerons f o r  trim (both ailerons  deflected up 15O) 
are shown in  figure 6. Deflection of the ailerons produced a constant 
increment of positive pitching-moment coefficient throughout the lift- 
coefficient range which increased  the trim lift coefficient  for  both 
configurations. 

Lateral S tab i l i ty  and Control 

The effect of ver t ica l - ta i l  arrangement on the lateral s t ab i l i t y  
characteristics of the model a t  various angles of attack wfth the trim- 
gular horizontal t a i l  and with the sweptback horizontal t a i l   p l u s   f h p  
are sham in  f igures 7 and 8, respectively. Since the vgriation of 
yawing-moinent coefficient C, With angle of sideslfp p is nonlinear 
for  some configurations, the yawing-moment data of figures 7 and 8 are 
summarized in   f igure 9 i n  terms of the direct ional   s tabi l i ty  param- 

as measured a t  low angles of sideslip ( p  < 250) and high 
eter % 
angles of sideslip (e > f s o ) .  The data show that the static directional 
s t ab i l i t y  of the model w a s  satisfactory over the angle-of -attack  rasge 
with t i p   t a i l s  on at e i ther  l o w  o r  high sideslip  asgles.  center t a i l  
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was destabilizing at low sideslip angles over the  higher  angle-of-attack 
range. This destabilizing  effect  resulted  in la rge  s t a t i p  Fnstability 
at 2 4 O  angle of attack ui th  only the center t a i l  on. 

The variation of- aileron and rudder effectiveness with angle of 
attack is  presented in   f igure 10. The r o U g  moment produced by various 
amounts of aileron  deflection from a neutral  setting of -15O decreases 
wi th  increasing angle of attack. The yawing moment produced by the 
ailerons is genera- adverse  over  the angle-of -attack range f o r  all 
deflections. The yawing  moment produced by loo deflection of the King- 
t i p  rudders decreases by about two-thirds f r o m  Low t o  high angles of 
attack  but it s t i l l  appears t o  be sufficient t o  balance  out the adverse 
yawing moment produced  by the ailerons over the -le-of-attack  range. 
”he yawing moment produced by a deflection of lOQ of the  center rudder 
plus wing-tip  rudders is approximately two and one-half t o   f i v e  times as 
great &E, that produced by the   t ip  rudders alone. 

Damping-In-Yaw Characteristics 

The data of figure l.3. show the damping-in-yaw characteristics of the 
model with the triangular horizontal t a i l  a~ presented in  reference 7. 
These data show that with ver t ica l  tails off o r  t i p  tails on the damping 
decreased and became negative as the  angle of attack  increased. The 
addition of the center tail t o  the model  gave a k g e  s t ab i l i z ing  incre- 
ment t o  the damping i n  ymr at 20° angle of attack. 

Rol l ing  Derivatives 

”he results of roll ing flow tests t o  determine the rolling deriva- 
t ives  of the model with the triangular horizontal t a i l  are presented in 
figure 12. These data show that the rlnmping-in-roll parameter -C 

decreases  with an increase i n  angle of attack f o r  a l l  vert ical  tail 
arrangements tested. The y a m  moment due t o  rolling Gp was greatly 

affected by ver t ical- ta i l  arrangement and angle of attack. With ver t ical  
t a i l s  off \ was negative at low angles of attack  but became positive 

i n  the medium angle-of-attack range and increased t o  large  positive  values 
a t  the higher  angles of attack. The increment of c”p contributed by the 

2P 

the w i n g - t i p  tails and wing-tip tails- plus  center t a i l  w-as positive in the 
lower angle-of-attack range and negative i n  the moderate and high  angle- 
of-attack ranges. The lateral   force due t o  roll ing Cy which varied 

considerably  with ver t ica l - ta i l  arrangement at the higher,angle of attack, 
w-as positive Over *st of the  angle-of-attack range fo r  all the vertical- 
t a i l  arrangements tested. _I 

P’ - 
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Flight  tests  were  made  over a lift-coeff  icient  range  from  about 0.55 
to the  stall  to  determine  the  dynamic  stability and control  characteris- 
tics of the  model  with  various  vertical-tail  arrangements. The vertical- 
tail  arrangements  tested  included  wing-tip  tails a l o ~ ,  center tail done ,  
center  tail plw wing-tip  tail8,  and all tails  off.  Most of the fUghts 
of the  model  were  made with the  triangular  horizontal tail but a few 
flights  were  made  wlth  the  sweptback  horizontal  tail having a leadbg- 
edge  flap. 

In order  to  keep  the  incidence  of the horizontal tail low and  thus 
avoid  tail stall and  the  resulting l o s s  in  effectiveness  at high angles 
of attack,  the  model was tr-d over  the  lift-coefficient rage by 
changing the  center-of-gravity  position of the  model. In the  investiga- 
tion  the  center-of-gravity  position w&8 varied  from  about 0.2& ahead of 
the  leading  edge  of  the man aerodynamic  chord to about 0 . l 2 E  ahead of 
the leading edge of the mean aerodynamic chord. The model was flown with 
coordinated  ailerons and rudder and also with ailerons alone.  Aileron 
deflections  of 2150 and f200, rudder  deflections ug to 2100, and horizontal- 
tail  deflections  of f 5 O  were  used  for  control  during  the fllght tests. 

Motion-picture  records  were taken throughout the flight tests  to 
sugplement  the  pilots'  observations  of  the  behavior  of the  model. 

c m 1 0 N s  

Calculatians  were  made by the  method  presented in reference 12 t o  
determine  the  period  and  time  to dnmp to one-half amplitude  of  the  lat- 
eral  oscillatory  mode and the tfme to damp to one-half amplitude  of  the 
aperiodic  modes  for  the  model with the  various  vertical-tail  configura- 
tions  investigated. 

The aerodynamic  and mass characteristics  used in the  calculations 
are  presented  in  table II. These  values  are  based on a center-of-gravity 
position of 0.24E ahead of the  leading  edge  of  the mean aerodynamic  chord 
and are  considered  representative of all flight  conditions  since  the var- 
iation  of  center-of-gravity  position  used in the  investigation  would  not 
greatly  affect  these  factors. Values of Cy h,, and Cz for  the 
model were obtained fram force  teste made in the  free-fll@;ht  tunnel. 
(See  fig. 9.)  TIE tail-off Values of Cyr and Czr were  estimated  from 

references I 2  and 13. The contribution  of  the  vertical  tail to the s t a -  
bility  derivatives C, and Clr and, in some cases, Cnr w a s  esthated 

B' P 

c 

r 
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from the  equations  given a t  the b o t t m  of table 11, which are stmilar t o  + 

those  given in reference 12. Wst  of the C+ values f o r  the model were 

obtained from damping-in-yaw t e s t s  made in the free-f light tunnel. (See 
f ig .  u.) vdues  of %, Cnp, and Czp were obtained from the rol l ing-  

flow tests made i n  the stabi l i ty   tunnel  (see f ig .  12) . 
. 

RESULTS AND DISCUSSION 

For the most part the ayaamic s t ab i l i t y  and control  characteristics 
were evaluated f o r  the model with the triangular horizontal tail, but a 
few flights were made t o  determine the effect  of the sweptback t a i l  on 
the d e l  characteristics. Since  these tests indicated that there was no 
appreciable  difference in the dynamic characteristics of the madel w i t h  
the two horizontal-tail  cmfigurstions,  the  discussion will be concerned 
specifically with the m o d e l  having the triangular tail but can be assumed 
t o  apply also t o  the model with the mptback  tail .  

Longitudinal Stabi l i ty  and Control 

The dynamic longitudinal s t ab i l i t y  and control  characteristics of 
the model with the tr- horizontal t a i l  were considered  satisfactory 
a t  the lower lift coefficients  tested. The model flew smoothly and the 
response t o  elevator  control appeared t o  be satisfactory. Af3 the l i f t  
coefficient w-as increased, however, the behavior of the m o d e l  became some- 
w h a t  e r r a t i c  and the model was more diff icul t   to   control .  Near the s t a l l  
the model exhibited  longitudinal  unsteadiness and was d i f f i cu l t   t o   s e t t l e  c 

down t o  a given trim condition. A t  times when the model appeared t o  stall, 
it settled to  the  tunnel  f loor without any apparent  pitching tendency. 

\. 

A pa r t  of the poor longitudinal behavior at high lift coefficients 
could be attributed t o  the law s t a t i c  margin which resulted from the  rear- 
ward shift in  the  center-of-gravity  position  to permit trim a t  the high 
l i f t  coefficients. The main factor  contributing  to the er ra t i c  behavior 
of the model,  however, was apparently the random changes i n  trim brought 
about by the irregular fluctuations  in  the  vortex flow f r o a t h e  horizon- 
tal tai l .  This vortex flow, as reported in reference 8, was found t o  have 
rather Large variations i n  the- asymetrical  disposition of the  vortices 
as a result of relatively small changes i n  sidesUp and angle of attack. 
Since in   the present model the angle of incidence of t h e   t a i l  also changed 
whenever longitudinal  control was applied, the fluctuations  in  the  vortex 
flow over the w i n g  Etnd fuselage were probably exceptionally large and con- . 
tr ibuted  greatly t o  the overall   erratic behavior of the m o d e l .  
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The longitudinal  control  characteristics of the model were gener- 
a l l y  satisfactory over the  l i f t -coeff ic ient  range providing that trfm 
settings in  the order of or less f o r  the horizontal  t a i l  were used. 
With angles of incidence greater than 9, an angle of attack was reached 
where defl6ctFng  the t a i l  t o  produce a nose-up pitching moment resulted 
i n  the t a i l  stalling and losing i ts  control  effectiveness. Under these 
conditions the model responded very slowly in   p i t ch  and it was d i f f i cu l t  
t o  control the vertical   posit ion of the model ~n the tunnel. (TMS 
decrease in  pitchhg  effectiveness of the horizontal t a u  is shown by 
the force data of f igs .  5 asd 6. ) 

Lateral   Stabi l i ty  and Control 

Wing-tip ver t ica l  tails.- The lateral osci l la t ion was well damped 
a t  low lift coefficients and the lateral s t a b u t y   c h a r a c t e r i s t i c s  of the 
model with wing-tip t a i l s  were considered  satisfactory.  Fairly smooth 
flights were obtained with coordmted  a i lerons and rudder o r  with 
ailerons  alone  although there was s l igh t ly  more yawing wlth ailerons  alone, 
As the l i f t  coefficient  increased, the dnmging of the lateral oscil lation 
decreased and flights b e c k  so e r r a t i c  that the pilot had to   conthual ly  
control  the model i n  order t o  maintain f l i gh t .  This reduction in oscil la- 
to ry   s tab i l i ty  with increase in lift coefficient, which is also shown by 
the calculated results of figure 13, was probably  caused by the decrease 
i n  damping in yaw ( f i g .  u.) . The calculations indicate. that the model 
actually became unstable a t  high lift coefficients  but this result could 
not be verified in flight tests because of the extremely e r ra t i c  flight 
behavior of the model which necessitat& the use of almost  contFnual con- 
t r o l  and thereby  tended t o  mask any ins tab i l i ty  that might have been 
present. 

Another factor  contributing t o  the generally poor lateral character- 
i s t i c s  at high lift coefficients m s  the fluctuations in  the vortex flow 
previously  discussed,. The large changes in vortex disposition with angle 
of sideslip which resulted in changes in damping in ysw and s t a t i c  lateral 
s tab i l i ty   a l so  appeared t o  cairse randam tr im changes in yaw. The p i lo t  
had the feeling in flying this model that he had t o  be constantly alert t o  
prevent  the model from reaching an attitude from which it could not be 
recovered. Thfs was particularly  true during flights w i t h  ailerons alone 
used f o r  control  since there was  no yaw control  available  to  correct  for 
any out-of-trim yawing moment produced by the ailerons o r  by the  vortex 
flow. Even with coordbted   a i le rons  and rudder the model would  sometfmes 
yaw and stay trimmed at some angle of sideslip for a short  time and then 
perhaps change its angle of sideallp o r  slide into the tunnel w a l l  with 
full control  being  applied in CUI effort, t o  st- the motion. 



Wing-tip  tails  plus  center  vertical  tails.-  With  the  addition of a 
center  vertical  tail  it  appeared  that  the  dnmping  of  the  lateral oscilh- 
tion  was  increased  over  that of the  model  with  tip  tails  on  but  the  lat- 
eral  oscillation was still only lightly  daraped  at  the  higher  lift  coef- I 

ficients.  This  increased damping 'of the  lateral  oscillation  was  mainly 
caused  by  the  large  increase  in  the damping in  yaw (fig. 11). The calcu- 
lated  results  of  figure 13 are in general  agreement  with  the  flight  tests 
in  that  they  show a decrease in oscillatory  stability  as  the  lift  coef- 
ficient  increased. The calculated  increase  in  oscillatory  stability  pro- 
vided  by  the  addltion  of the center  vertical tail, however,  was  apparently 
larger  than  the  increase  observed  in  the  flight  testa. 

At  high  lift  coefficients  the  model  still  exhibited  the  erratic 
flight  behavior  associated  with  the vortex flow from  the  horizontal  tail. 
There m s  no  essential  difference in the  behavior of the  model  compared 
with  that  of  the  tip-tail  case  except  that  the  increased  rudder  power 
realized  through  the  addition  of  the  center  tail  seemed  to make recovery 
from  disturbances somewhat easier. 

Center  vertical  tail.-  Flight  tests  of  the  model  with only the  center 
vertical  tail  indicated  that  the  oscillat-ory  characteristics  were  about 
the  stme a s  those  of  the  model with tip  vertical  tails and the  model  exbib- 
ited  the same random  motions  associated  with  the  vortex  flow  as in the 
case  of  the  other  configurations.  The  model  required  somewhat  more  atten- 
tion to control  because of a greater  tendency  to  diverge i n  yaw  which  prob- 
ably  resulted  from the decrease  in  directional  stability  (fig. 9 ) .  

The lateral-stability  calculations  indicate  that  the  center-tail  con- * 
figuration  should have bad  better  oscillatory  stability  than  the  tip-tail 
configurations  but  the  flight tests failed  to  show ariy appreciable dif- 
ferences in the  behavior of the two configurations.  Perhkps  the  need  for .. 
continual.  control  made  it  impossible  to  evaluate  accurately  the  stability 
of the  model in the  higher  lift  range. 

Vertical  tails  off.-  Since  one of the u n g u a l  characteristics of the 
canard  airplane was the  fact  that  it had static  directional  stability  at 
high  angles  of  attack  with  vertical  tails  off, an effort was made  to 
study  the  aynamic behavior of  the  model in this  configuration.  Attempts 
to f ly  the  model proved to.be  unsuccessful,  however,  because  the  model 
repeatedly  yawed on take-off and crashed  into  the  tunnel wall. This 
behavior QELS apparently  caused  by the fact  that  there.- no rudder  con- 
trol  to  correct for the  adverse  yawing  moments of the  ailerons and the 
random  changes  in  trim  associated  with the vortices  from  the  tail. Also 
an important  contributing  factor to the  model  behavior FI&~ the  negative 
damping in yaw at  high  angles of attack  (see  fig. 11). 

The  calculations show that  the  model  was  oscillatorily  unstable  over 
the  entire  lift-coefficient  range  with all vertical  tails  off. 
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An investigation  conducted in the  Langley  free-flight  tunnel  to 
determine the dynamic  stabilfty arLd control  characteristics  of a m o d e l  
of a canard-type  airplane  showed  that  the m o d e l  characteristics  were 
unsatisfactory in the  higher  lift-coefficient  range. These unsatisfac- 
tory  flight  characteristics  were  caused by  a reduction in lateral oscil- 
l a t o r y  stability as the lift  ccefficlent  increased and by an erratic 
behavior in pitch and yaw, apparently  because of random  trim  changes 
associated  with  the f low frm the horizontal  tail. 

-Langley  Aeronautical  Laboratory, 
National  Advisory C-ttee for  Aeronautics, 

Langley  Field, Va., August 26, 1953. 
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TAHI;E I.- MASS AMD DIMENSIONAL -STICS OF MODEL 

Weight. Ib . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18.5 
W i n g  loading. W/S. lb/sq f t  . . . . . . . . . . . . . . . . . . .  3.47 
Mass density  factor p . . . . . . . . . . . . . . . . . . . . .  Y.32 

Moments of inertia: 
Ix. slug-ft2 . . . . . . . . . . . . . . . . . . . . . . . . .  0.243 

Iz. slug-ft2 . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.13 
Iy. slug-ft2 . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.94 

wing : . .  ”- 

Airfoil section . . . . . . . . . . . . . . . . . . . . .  ETACA 0012 
Area. sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  5.33 
span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.0 
Aspect ra t io  . . . . . . . . . . . . . . . . . . . . . .  0 . . . .  3.0 
Lncidence. deg . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Dihedral. deg . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Root chord. ft . . . . . . . . . . . . . . . . . . . . . . . . .  1.77 
Taper ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.5 
Mean aerodynamic  chord. f t  . . . . . . . . . . . . . . . . . .  1.383 
Aileron  mea. sq ft (2 ailerons) . . . . . . . . . . . . . . .  0.514 

Tip tails : 
Airfoil section . . . . . . . . . . . . . . . . . . . . .  NACA 0009 
Area. eq f t  (2 tat-) . . . . . . . . . . . . . . . . . . . .  0.533 
Root chord. f t  . . . . . . . . . . . . . . . . . . . . . . . . .  0.562 
Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . . .  0.W 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . .  1.49 
Rudder area. percent tai l  area . . . . . . . . . . . . . . . . . .  30 
Tail length. f t  (center of gravity  to lead- edge of 

tfp-tail root chord) . . . . . . . . . . . . . . . . . . . . .  1.78 

span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.62 

Center tail: 
Airf‘oil section . . . . . . . . . . . . . . . . . . . . .  
Area. s q f t  . . . . . . . . . . . . . . . . . . . . . . .  
span. ft . . . . . . . . . . . . . . . . . . . . . . . . .  
Rot& chord. ft . . . . . . . . . . . . . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . .  
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . .  
Rudder area.  percent t a i l  area . . . . . . . . . . . . . .  
T a i l  length. f t  (center of gravity to leading edge of 

t ip- ta i l   root  chord) . . . . . . . . . . . . . . . . . .  

NACA 0009 . . 0.272 . . 0.73 . . 0.495 . . 0.505 . . .  1.96 . . .  38.4 

. . .  1.94 

. 

. 
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TAEU I . . MASS AND DINEXSIONAL CHARACERISTICS OF MODEZ . Concluded 

Horizontal tail (triangular): 
Airfoil section . . . . . . . . . . . . . . . . . . . . . .  Flat plate 
Area. sq ft . . . . . . . . . . . . . . . . . . . . . . . . . .  0.80 

Sweepback. of leading edge. deg . . . . . . . . . . . . . . . . .  60 
Aspect  ratio . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.31 

span. ft . . . . . . .  - . . . . . . . . . . . . . . . . . . . .  1-36 

Horizontal tail (sweptback) 
A i r f o i l  section . . . . . . . . . . . . . . . . . . . . . .  NACA 0012 
kea. sq ft . . . . . . . . . . . . . . . . . . . . . . . . . .  0.80 
spm. ft . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.9 
Sweepback. of lead- edge. deg . . . . . . . . . . . . . . . . . .  45 

Leading-edge f lap deflection. deg . . . . . . . . . . . . . . . .  65 Aspect  ratio . . . . . . . . . . . . . . . . . . . . . . . . .  2.97 

Flap chord. percent of chord of tail . . . . . . . . . . . . . .  17 
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Figure 1. - The stability system of axes. Arrows indicate positive 
directions of moments, forces, and. angles. This system of axes is 
defined as an orthogonal system having the origin-at  the  center of 
gravity a d  in which the Z-axis is in the plane of symnetry and per- 
pendiculgr to the relative wind, the X-axis is in the plane of sym- 
metry and perpendicular to the Z-axis, and the Y - a x i s  is perpendicular 
t o  the plane  of  symmetry. A t  a constant eagle of attack, these axe8 
are fixed in the airplane. 
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Figure 2.- System of axes and angular relationship in flight. Arrm 
indicate positive PFrection of angles. q = 0 - 7 - E. 
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45“’ ,$ 

Figure 3.- Three-view drawing of canard model used in the free-flight- 
tunnel investigation. A l l  dimensions are in inches. 
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Figure 4.- Model tested in the Langley free-flight tunnel. 
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Figure 7.- Lateral characteristics of model with triangular horizontal 
tail. = 5O; both ailerons deflected -15O. 
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(b) u = 120. 

Figure 7. - Continued. 
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( c )  a = 16O. 

Figure 7.- Continued. 
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Figure 7.  - Continued. 
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(e) a = 24O. 

Figure 7.- Concluded. 
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(a) a = 16O. 

Figure 8.- Lateral  characteristics of model with sweptback horizontal 
t a i l  plus leading-edge flap. 1, =-- 5O; bcrth ailerons  deflected -15O. 
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Figure 8.- Continued. - 
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Figure 8.- Concluded. 
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Figure 9.- m e e t  of vertical t a i l  configuration on directional. stability 
parameter at law and high angles of sideslip. $ a 5O; both ailerons 
deflected -13~. 
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(a) Aileron effectiveness. 

Figure 10.- Control  characteristics of model. 4 = 5O;  both ailera 
at a t r ~ m  setting of -15O. 
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Figure 12.- Rotary  derivatives of model  with  triangular  horizontal tail. 
= 5O; both ailerons  deflected -15O. 
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Figure 13.- Calculated damping and period  characteristics of model. 
Static  derivatives  obtained for p < *5O except a8 noted. 


